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Method for the Preparation of Binding Kolecules 

Background of the Invention 

Field of the Invention 

The present invention relates to the production of 
genetically engineered organisms and methods of preparation 
of binding molecules. 

Description of the Background Art 

In vertebrates , antibody diversity arises from substitu- 
tion of hypervariable loops into constant antibody frame- 
works. Each B-cell exhibits its own type of specificity on 
its surface. When an antigen binds to the surface antibody, 
the B-cell is stimulated to proliferate. 

Monoclonal antibody production exploits this as follows: 
An animal is injected with a purified antigen. After several 
weeks, the spleen is removed from the animal and spleen cells 
are fused to myeloma cells. This produces hybridoma cells. 
These cells are plated and screened for binding to antigen. 
These cells can be grown in tissue culture and will produce 
quantities of a single antibody — a monoclonal antibody. 

The gene for the antibody can be recovered and put into 
microorganisms. Genetic and protein engineering can be 
altered to obtain better binding, altered specificity, 
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different antigenic behavior than that of the original 
protein or gene product. 

Single-chain antibodies (SCA) (copending U.S. Patent , 
Application Serial Nos. 902,971 and 902 , 970 , herein incor- 
porated by reference) are protein molecules which retain the * 
binding domain of antibodies but not the effector domains. 

SUMMARY OF THE INVENTION 

In the present invention, a genetically engineered 
organism is produced which displays on the outer surface of 
the organism the expression product of a gene which has been 
inserted. 

In one embodiment of the invention, a SCA domain (SCAD) 
is displayed on the outside of a microorganism while the 
message for that particular SCA is inside that organism. 

Description of the Drawings 

Figure 1, flow chart for production of organisms 
containing binding molecules on surface. 

Figure 2, displaying SCAD on surface. 

Figure 3, making diverse population of displayed SCADs. 

Figure 4, selecting new SCA specificity. 

Figure 5, detecting known antigens. 

Figure 6, lambda assembly. 

Figure 7, inserting SCAD into V genes. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Any protein or antibody domain for which a gene can be 
isolated or constructed may be displayed on the outer surface 
of an organism into which the gene has been inserted. This 
is done by fusing the SCAD gene to the gene coding for a 
product, which normally expresses on the surface of the 
organism; e.g., an envelope protein. The organism so 
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produced may be easily isolated from organisms which do not 
contain the desired gene and express the gene product. The 
organisms may also serve as a solid substrate for the gene 
product. Prior to the present invention , once an organism 
which contained a desired gene had been produced , the 
organisms had to be grown and assayed for the production of 
the gene product. Then, the gene product had to be isolated, 
purified, and only then was it possible to couple it to a 
solid substrate. In one embodiment, the organism itself 
containing the gene product on its outer surface is the solid 
substrate with the desired gene product already attached and 
may be used as such. 

The present invention is depicted in general terms in 
the flow chart on Figure 1. One embodiment shown at step 
1000 consists of producing organisms. In this embodiment, a 
microorganism displays a gene product such as a SCAD on the 
surface of the organism. The next step (step 1010) consists 
of generating, from the one SCAD displayed and encoded in the 
organism, a diverse population of SCADs by varying the DNA 
sequence encoding the SCAD by mutation techniques. The new 
diverse SCADs generated in step 1010 are displayed on the 
surface of the organism (step 1020) and organisms are 
selected based on the surface expressed SCAD which bind to 
given antigens (step 1030) . The organisms selected in step 
1030 may be used in assays for the given antigen or may be 
further selected according to the binding or enzymatic 
characteristics of the gene product expressed on the surface. 

Once any SCAD has been displayed on the surface of a 
microorganism, a large population of different SCADs can be 
generated by in vivo DNA synthesis, step 1010, and each cell 
or virion can display its own SCAD specificity, step 1020. 
Antigen binding to the displayed SCAD can be used to select - 



WO 88/06630 



-4 



PCT/US88/00716 



-those microorganisms harboring genes for SCADs which will 
bind antigen, step 1030. Once a strain of microorganisms is 
selected for antigen binding, it can be used as a sensitive 
assay for that antigen, step 1040. In step 1050, the ability 
to refine antigen binding is used to generate novel enzymes. 

The steps needed to achieve the construction of a micro- 
organism which displays SCAD are shown in the flow chart of 
Figure 2. In step 2000, a microorganism is selected, in 
step 2010, a gene within that organism is selected; the gene 
must be one coding for a protein which is displayed on the 
cell or virion surface. Preferably, the gene should not be 
essential to the organism. In step 2020, the gene for a SCAD 
to some known antigen is introduced into the selected gene, 
and in step 2030, this population of modified genes is put 
back into the organism. ' In step 2040 the genes are expres- 
sed, and in step 2050 the organisms are selected for binding 
to immobilized antigen. In step 2060, the gene is sequenced 
to determine which insertion was fruitful. 

The steps needed to create a diverse population of SCADs 
displayed on the surface of a microorganism are illustrated 
in the flow chart on Figure 3. In step 3000, the Combining 
Determining Regions (CDRs) of the SCA are bounded by restric- 
tion sites. In step 3010, a large variety of DNA sequences 
are produced. Each sequence should begin with one of the 
restriction sequences and end with the corresponding restric- 
tion site. Between these sites should come any constant 
residues which are included to facilitate placement of 
restriction sites plus an integral number of triplets. The 
number of triplets can be varied within the bounds set by: 

1. Analysis of sequences of natural antibodies with 
similar framework; 

2. Computer modeling of the framework; 

3. Trial and error. . 
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In step 3020, these DNA sequences are inserted into the 
appropriate slots in the SCAD gene. In step 303 0, these 
genes are reinserted into the organism and grown. The 
organism now contains a diversity of SCA specifications, each 
cell displaying its own particular SCAD. In step 3040, this 
population is passed over the inert support which will be 
used to support antigen. This step removes those organisms 
which bind to the inert support even without antigen. 

In step 4000 in Figure 4, the antigen is attached to an 
inert support. In step 4010, the population of organisms 
prepared in steps 3000 to 3040 is passed over the supported 
antigen. Organisms not binding pass through. In step 4020, 
the organisms bound to the support are allowed to grow. In 
step 4030, colonies are found and sampled. In step 4040, the 
g enes Q f several isolates are sequenced. In step 4050;, the 
SCAD gene of selected organisms are mutagenized. In step 
4060, step 4010 through 4050 are repeated with the muta- 
genized colonies. In step 4060, by washing more stringently, 
a SCA colony with maximal binding is obtained. Step 4 060 can 
be repeated until suitable binding is obtained. 

The present invention is also useful for the detection 
and quantification of known antigens. In step 5000 of Figure 
5, a sample with unknown amount of an antigen is attached to 
an inert support. In step 5010, the strain of organism 
derived in step 4060 and displaying a SCAD against the 
antigen is passed over the inert support. In step 5020, the 
bound organisms are allowed to grow. In step 5030, points of 
growth are detected, the amount of growth quantitates the 
amount of antigen. 

Enzymes, particularly degradative enzymes, work by 
stabilizing the transition state of a reaction. Chemical 
theory suggests the shape of the transition states of many 
reactions. For example, the carbonyl carbons of esters of 
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carboxylic acids are trigonal planar. The transition state 
for hydrolysis or transesterif ication is almost certainly 
tetrahedral. It has recently been demonstrated that a 
monoclonal antibody against a phosphate ester (which is 
tetrahedral) is also an esterase. 

Monoclonal antibody technology has many shortcomings for 
this task: 

1. Slow turnaround 

2. Difficulty in refining antibody 

3. Inappropriate for highly toxic chemicals 

4. Inappropriate for metabolites 

The method described above can be applied to produce 
such enzyme-like binding molecules. It will be limited only 
in the ability to invent antigens which resemble the transi- 
tion states of reactions wished to catalyze. 

For example, to catalyze the transesterif ication 

c=t v°-< I 

0 



one can raise a SCA against 

O 

Having now generally described the invention, the same 
may further be understood by reference to the following 
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expressly stated. 
Example 1 

The preferred embodiment utilizes the bacteriophage 
lambda • The gene V of lambda generates a protein which 
assembles to form the neck of lambda. First gene product V 
(gpV) forms hexameric annuli, then 32 of these annuli stack 
on the nose cone to form the neck (Figure 6) . Finally, the 
neck joins the head which contains the DNA. 

gpV is a protein of molecular weight 3 IK. Wild-type 
lambda have small protuberances on the outside of the neck 
annuli. Mutants have been isolated in which as much as 13K 
of gpV is absent. These mutants are viable, though tempera- 
ture sensitive. The mutants are those wherein shortened gpV 
lack the protuberances on the neck annuli. Genetics indi- 
cates that the deletion is from the carboxy end of gene V. 

SCAs made so far contain the four cysteine residues 
found in all V H and V 1 domains of natural antibodies. 
Natural antibodies are secreted and fold in the oxidizing 
environment of serum. The interior of cells is a reducing 
environment; thus, one would not expect disulfide bonds to 
form. The sulfhydryl groups of cysteine lie only 2.0 A apart 
when a disulfide forms. If the disulfide is reduced, the 
sulfur atoms should lie 4.0 A apart. Thus, reduced cysteines 
will greatly destabilize folding of a SCA. Therefore, to get 
proper folding of SCAD inside a cell, one mutates the SCAD 
gene to change all or some of the CYS's to SER, THR, ALA, or 
GLY. In one embodiment, the SCA is against bovine growth 
hormone (BGH) • 

The V gene of lambda is shown in Figure 7. Genetics 
indicates that the domain responsible for the warts on the 
neck lies in the 3 00 to 400 last base pairs to the right. 
One cuts the gene at some point in this region, preferably 
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200 bases from the right end* A random number of bases on 
either side, up to 200 bases is removed. The SCAD (antiBGH) 
is inserted and put back into a lysogenic strain of E. coli . 
In the preferred embodiment, the lambda contains a highly 
beneficial gene for the E. coll . 

The E. coli is induced. The lambda progeny is passed 
over a support holding BGH. The E. coli is contacted with 
the support. The coli should be deficient in a way that the 
beneficial gene in the lambda will complement. For example 
the coli could be drug-sensitive and lambda will carry drug 
resistance. The corresponding antibiotic in the medium puts 
the coli under selective pressure so that only those cells 
infected by lambda will grow. Only those lambda which bound 
antigen and stuck to the support are available. 
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WE CLAIM ; 

1. An organism containing a recombinant gene wherein 
the product of said recombinant gene is presented on the 
outer surface of said organism, said product also comprising 
a single chain antibody domain (SCAD) . 

2. The organism of claim 1 wherein the product of said 
recombinant gene comprises a polypeptide which directs said 
SCAD to the surface of said organism. 

3. A fusion polypeptide comprising a product normally 
appearing on the surface of an organism fused to a single 
chain antibody domain. 

4. A method of preparing an organism containing a 
single chain binding molecule on the outer surface of said 
organism which comprises: 

(1) isolating from an organism a first gene 
encoding for a cell surface protein; 

(2) inserting a second gene which encodes a single 
chain antibody domain into said first gene to form a recombi- 
nant fusion gene; and 

(3) transforming an organism with said recombinant 

fusion gene. 



WO 88/06630 



PCT/US88/00716 



1/7 



1000 



Develop microorganism which displays 


SCAD on its surface 


1010 




Generate diverse population of 


SCADs 




1020 




Display diverse SCADs on 


microorganism 




1030 




Select strain of microorganism 


which binds given antigen 


1040 




Assay for given antigen using 


selected strain 




1050 




Develop novel enzymes 



FIG. 1 

SUBSTITUTE SHEET 



WO 88/06630 



PCT/US88/00716 



2/7 

2000 



Select a microorganism 


2010 




Select gene for surface 


protein 




2020 




Select SCAD (Anti Known Antigen) 


2030 




Insert SCAD gene into surface 


gene 


* 


2040 




Return surface 


gene to 


organism 




2050 




Select for binding antigen 


2060 




Sequence selected gene 



FIG. 2 



WO 88/06630 



PCT/US88/00716 



3/7 



3000 

Delimit CDRs of SCAD by 
restriction of sites 



3010 

Produce, in vitro, large variety of 
DNA sequences for CDR's 



3020 

Insert DNA pieces into CDR 
slots 



3030 

Reinsert genes into organism 



3040 

Deplete population for binding 
to inert support 



FIG. 3 



— - r>i JLCS=T 



WO 88/06630 



PCT/US88/60fl6 



4/7 



4000 




Pass population over support 



4020 



Grow organisms that bound antigen 


4030 




Detect colonies of organisms 


4040 




Isolate SCAD gene of colonies 


that bind 




4050 




Mutagenize SCADs 8 return 


to organizm 




4060 




Repeat steps 4010 through 


4050 as needed 



FIG. 4 



WO 88/06630 



PCT/US88/00716 



5/7 

r 

r 
r 

5000 

r " I Attach possible antigen to inert 

support 

5010 

Microorganism with desired antibody 
specificity passed over support 

5020 

Grow bound organisms 



5030 

Detect growing organisms 



FIG. 5 

Detecting Known Antigens 



\ 



BUBBTTTWTS SHEET 



WO 88/06630 



6/7 



PCT/US88/007i6 



DNA 
MESSAGE 



optional warts 
on neck annuli 




SCAD fused, 
to surface 
product of 
virus 



truncation point 

i - i 



3IK of protein 
gene V 



ethal mutation 



FIG. 6 



SUBSTITUTE 



7/7 



PCT/US88/00716, 



truncation point 



V gene 

cut here 



chew off 0-200 bases 
both places 




ligate J Domain x ligate 



FIG. 7 



INTERNATIONAL SEARCH REPORT 

International Application ^QT/US 88/00716 



I. CLASSIFICATION OF SUBJECT MATTER (II several classification symoots apply, indicate all) » 



Accoramg to International Patent Classification (IPC) or to ootn National Classification and IPC 

C12P 21/00. C07H 17/00, C07K 15/04. AfilTT 



II. FIELDS SEARCHED 



— f flimm wnt Documentation Searched * 



Classification System 



Classification Symbols 



us 



435/68, 70, 172.3, 235, 948, 91, 530/387, 388, 
424/85, 536/27 



Documentation Searched other than Minimum Documentation 
to the Extent that such Documents are Included in the Fields Searched * 



Computer Search CAS, BIOSIS, APS: - Immunogloulin, clone 1, 
plasmid 1, surface, secrete, signal or leader, coat protein, 
viral vector, GPV protein 



Ml. DOCUMENTS CONSIDERED TO 8E RELEVANT" 



Category 



Citation ol Document, with indication, where appropriate, of the relevant passages t, r 



Science , Vol. 81, issued August, 1987, 
(Washington, D.C., U.S.A.), (R. HUBER) 
"Structural Basis for antigen-antibody 
Recognition 11 . See entire document, 
pages 702-703. 

U.S., A, 4,704,692, (LADNER) issued 03 
November 1987. See the entire document. 

U.S., A, 4,603, 112, (PAOLETTI ET AL) 
issued 29 July 1986. See columns 1-3 
in particular and abstract. 

Biotechnology , Vol. 3, issued April 
1985, (New York, New York, U.S.A.), 
( VALENZUELA ET AL) "Antigen Engineering 
in Yeast: Synthesis and Assembly of 
Hybrid Hepatitis B Surface Antigen-Herpes 
Simplex 1 gD Particles", pages 323-326. 



Relevant :c Claim No. ** 



i-4 



1-4 



1-4 



1-4 



* Special categories of cited documents: 15 

"A" document defining the ceneral state of the art which is not 

considered to De of particular relevance 
"E" earlier document but published on or alter the international 

filing date 

"L" document which may throw doubts on priority cfatm(s) or 
which is cited to estaolish the puolicatian oate ot anotner 
citation or other special reason (as specified) 

"0" document referring to an oral disclosure, use, exmbition or 
other means 

"P" document published prior to the international filing oate but 
later than the priority date claimed 



"T* later document published after tne international filing data 
or priority date ana not in conflict with the application but 
cited to understand the on net Die or theory underlying the 
invention 

"X" document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step 

"Y** document of particular relevance; the claimeo invention 
cannot be considered to involve an inventive steo when the 
document is comoineo with one or more otner sucn docu* 
ments. sucn comomation oemg odvious to a oerson skilled 
in the art. 

'V document member ot the same patent family 



IV. CERTIFICATION 



Oate ot the Actual Completion of the International Search ' 

06 MAY 1988 



• Date ol Mailing of this International Search Report * 



I 



2 4 JUNS88 



International Searching Authority t 



TSA/tTS 



Signature oj Authored XJfflcer . 

ROBIN L. TESKIN 



Form PCT/IS A/210 (second sheetl (October 1981) 



International Aooficatton No. 

PCT/TTS RR/na71fi 



HI. DOCUMENTS CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECOND SHEET) 



Category « 



Citation of Document. with indication, wnere aocroartate, of me relevant passages ** 



Relevant to Claim No »• 



Y. 



. Biotechnology , Volume 4, issued April 
1986, (New York, New York), (J. Van 
Brunt) "Protein Architecture: Design- 
ing from the Ground Up", see pages 277- 
283. 

U.S.A., 4,593,002, (DULBECCO) issued 03 
June 1986. See the entire document. * 



1-4 



1-4 



Form PCT ISA 210' (eitra sneer) (Oclocer 188H 



